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The disclosed refrigeration appliance includes a 
fresh-food compartment and a freezer 
compartment with a plenum or duct therebetween 
housing a single evaporator and at least one fan 
for establishing airflows through the plenum in 
opposite directions, an air flow pattern through 
the plenum and the fresh-food compartment 
alternating with an air flow pattern through the 
plenum and the freezer compartment. A 
condenser, a single compressor and a refrigerant 
circuit serve to complete the refrigeration system. 
One-way air valves are located at opposite ends 
of the plenum, on opposing sides of the fan, and 
provide communication between the food 
compartments and the plenum. Two one-way air 
valves are located at each end of the plenum, 
one in a wall of the freezer compartment and the 
other in a wall of the fresh-food compartment. 
The one-way air valves allow an air flow to be 
established, selectively, either through the 
plenum in the fresh-food compartment or through 
the plenum and the freezer compartment. 
Operating in a fresh-food compartment cooling 
mode, air from the fresh-food compartment 
circulating over the evaporator coils serves to 
defrost the evaporator coils. Advantages include 
use of a single evaporator to cool both the 
freezer compartment and a fresh-food 
compartment and provision of a defrost cycle 
without need for a separate heater. 
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ABSTRACT 



The disclosed refrigeration appliance includes a fresh -food 
compartment and a freezer compartment with a plenum or 
duct therebetween housing a single evaporator and at least 
one fan for establishing air flows through the plenum in 
opposite directions, an air flow pattern through the plenum 
and the fresh-food compartment alternating with an air flow 
pattern through the plenum and the freezer compartment. A 
condenser, a single compressor and a refrigerant circuit 
serve to complete the refrigeration system. One-way air 
valves are located at opposite ends of the plenum, on 
opposing sides of the fan, and provide communication 
between the food compartments and the plenum. Two one- 
way air valves are located at each end of the plenum, one in 
a wall of the freezer compartment and the other in a wall of 
the fresh-food compartment. The one-way air valves allow 
an air flow to be established, selectively, either through the 
plenum in the fresh-food compartment or through the ple- 
num and the freezer compartment. Operating in a fresh-food 
compartment cooling mode, air from the fresh-food com- 
partment circulating over the evaporator coils serves to 
defrost the evaporator coils. Advantages include use of a 
single evaporator to cool both the freezer compartment and 
a fresh-food compartment and provision of a defrost cycle 
without need for a separate heater. 

9 Claims, 3 Drawing Sheets 
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FIG. 1 

PRIOR ART 
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DUAL-SERVICE EVAPORATOR SYSTEM 
FOR REFRIGERATORS 

BACKGROUND OF THE INVENTION 

5 

1. Field of the Invention 

This invention involves an improved evaporator arrange- 
ment for a home refrigerator. 

2. Prior Art 

FIG. 1 shows a conventional frost-free refrigerator using 10 
a single evaporator 10. A fan 12 moves air across the 
evaporator 10 while the compressor (not shown) is running, 
which cools the air. Most of the cold air goes into the freezer 
compartment 14. A small portion of the cold air is used to 
cool the fresh -food compartment 16. An electric heater 18 is 15 
energized with the evaporator fan 12 and compressor off to 
defrost the evaporator coil. This arrangement is used in 
virtually all U.S. refrigerators with automatic defrost. 

The chief advantage of the arrangement shown in FIG. 1 
is simplicity and low cost due to use of only one evaporator 20 
and one fan. The single evaporator coil also reduces the 
space requirement, as compared to two evaporator systems. 

The chief disadvantage with the conventional arrange- 
ment shown in FIG. 1 is the high energy consumption ^ 
associated with using a refrigerant at a single evaporating 
temperature to cool both compartments. The refrigerant 
temperature needs to be below the freezer temperature, 
while an efficient system could cool the 5 fresh-food com- 
partment using evaporator temperatures that are 30° to 40° 3Q 
F. higher than those required for the freezer. Since roughly 
half of the cooling load comes from the fresh-food 
compartment, the potential energy savings amount to 20% or 
more for a system that efficiently uses two evaporating 
temperatures. 35 

There have been several different types of refrigerators 
that use two evaporators. The "brute-force" solution is to use 
two completely independent circuits with two compressors. 
This approach adds a large cost penalty for the additional 
components. In addition, the theoretical energy savings can 40 
be negated by the lower efficiency associated with using two 
smaller compressors instead of one larger compressor, 
because compressor efficiency generally worsens at small 
capacities. 

The Lorenz cycle is another approach that uses two 45 
evaporators. It uses two evaporators connected in series at 
essentially the same evaporating pressure. Two evaporating 
temperatures are achieved using a zeotropic blend of two or 
more refrigerants as the working fluid combined with inter- 
nal heat exchangers. The evaporating temperature of a blend 50 
increases as the more volatile component evaporates and the 
liquid becomes richer in the less-volatile component. An 
internal heat exchanger is used so that two evaporating 
temperatures are created. Testing has shown that this 
arrangement gives energy savings approaching 20% with 55 
hydrocarbons or HCFCs (hydrochlorofluorocarbons). A 
major problem has been inability to find a suitable 
nonflammable, chlorine -free refrigerant blend. Getting the 
proper refrigerant charge for each component in a blend is 
also a problem which requires solution. 60 

Other refrigerators use a solenoid valve to switch between 
two evaporators. A typical arrangement continuously cools 
the freezer evaporator and uses the solenoid valve to allow 
refrigerant into the second evaporator only when required to 
cool the fresh-food compartment. This arrangement is com- 65 
mon in Asian refrigerators, and is used to achieve indepen- 
dent temperature control for each compartment. It usually 
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does not provide significant energy savings since the refrig- 
erant temperature is still below the freezer temperature when 
cooling the fresh-food compartment. 

The tandem refrigeration system as disclosed in U.S. Pat. 
No, 5,406,805 is a recent improvement to the two- 
evaporator configuration. This prior art system uses two 
forced-convection evaporators, one for each compartment 
and each having its own dedicated fan. The control only runs 
one evaporator fan at a time. When the compressor first 
comes on, only the fresh-food evaporator fan runs. Once the 
fresh -food compartment is cooled, the controls turn the 
fresh-food fan off and then turn on the freezer fan. Defrost 
is achieved by running only the fresh-food fan and activating 
an optional solenoid valve to allow free circulation of 
refrigerant between the two evaporators. A thermosyphon 
effect allows heat from the fresh- food compartment to 
defrost the freezer evaporator without the need of an electric 
heater. This defrost method requires that the fresh-food 
evaporator be physically lower than the freezer evaporator to 
allow natural convection to work. Tests have demonstrated 
energy savings of 10 to 20 percent compared to conventional 
single-evaporator systems. While the tandem system is a 
major improvement compared to conventional single- 
evaporator systems, it still requires two evaporators and two 
evaporator fans. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a refrigerator which runs more efficiently than the 
conventional refrigerators which are currently available. 
Another object of the present invention is to provide the 
benefits afforded by the prior art tandem refrigeration 
system, but with only one evaporator and one evaporator fan 
in order to lower the cost of the system and improve its 
efficiency. 

In order to fulfill the foregoing objectives, the present 
invention provides a refrigerator appliance having a fresh - 
food compartment and a separate freezer compartment. First 
and second walls separate the freezer compartment from the 
fresh-food compartment and define therebetween a plenum 
which houses reversible fan means for alternately circulating 
a flow of cold air through the fresh-food compartment and 
then through the freezer compartment. The first wall sepa- 
rates the plenum from the freezer compartment while the 
second wall serves to separate the plenum from the fresh- 
food compartment. The refrigeration appliance further 
includes a single compressor, a condenser and a single 
evaporator located in the plenum. The refrigerant circuit is 
in the form of a plurality of tubes which are interconnected 
to provide a flow of refrigerant through, in succession, the 
compressor, the evaporator, the condenser and back to the 
compressor. Reversible fan means is located within the 
plenum for producing air flow circulation through the 
freezer compartment in a first direction and, alternately, for 
producing a flow of cooling air through the fresh-food 
compartment in a second direction, opposite first direction. 
At least a first pair of air valves are located in the first and 
second walls on opposite sides of the reversible fan means, 
one of which opens responsive to the air flow in the first 
direction and closes responsive to the air flow produced by 
the fan in the second direction. The other of the first pair of 
air valves opens responsive to air flow in the second direc- 
tion and closes responsive to air flow in the first direction. 

In a preferred embodiment, the refrigerator appliance 
further includes a second pair of air valves located at 
opposite ends of the plenum with the reversible fan means 
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in between. In this preferred embodiment both of the air mode, the flaps of air valves 22 and 24 are forced open by 
valves in the first wall open responsive to air flow in the first the air flow whereas the flaps of air valves 26 and 28 are 
direction and close responsive to air flow in the second closed. In the configuration of FIG. 3, air from the fresh- 
direction. Likewise, both air valves in the second wall would food compartment moves over the evaporator coil to melt 
open responsive to air flow in the second direction and close 5 any ice accumulation thereon, thus defrosting the evaporator 
responsive to air flow in the first direction. coiL ^ meltin § ice also provides useful cooling for the 
, , t r fresh-food compartment 32. Thus, the energy requirement 
In the preferred embodiment the reversible fan means for d ^ QS{ ^ near]y zerQ> representing a savings of 5 to 10 

consists of a single fan which is driven for alternating G f total energy as compared with a conventional refrigerator, 

clockwise and counterclockwise rotation by a reversible ^ ^ ^ Qf ^ yalves ^ ^ ^ ^ ^ should be q£ a 

motor - very light weight material since air pressure from the fan 

In a preferred embodiment the air valves in the first and must be able to push these fiaps opeilj yet rigid enough to 

second walls are one-way flap valves. prevent back flow. One material suitable for use in f abricat- 

Accordingly, the present invention provides the following ing such fiaps is a rigid thin sheet of polystyrene foam with 

advantages: 15 a smooth skin on both surfaces. To cope with the potential 

1. A single evaporator provides efficient, independent of ice forming on the surface of the flaps of the air valves, 
cooling for both freezer and fresh-food compartments; the contacts for the flaps in their closed position may be 

2. A simple combination of a reversible fan and control conduits, as exemplified by 38 and 39 in FIGS. 2 and 3, 
flap provides for directing cooling to either the fresh-food which f ceive w ^ m «fhgerant liqmd from the refrigerant 
compartment or the freezer compartment; 20 circuit (f e FIG - 4 >- The use of ^ Uld refrigerant to heat the 

. , _ . . , nap surfaces saves energies in two ways, as compared with 

3. Warm liquid refrigerant, rather than a separate heat ^ ^ conventioQal use of dectric heaters for similar 

source, is used to warm the contacts of the flap valves to s ^ re&i tors> Rrst the H id refrigerant reqllires 

prevent the flap valves from freezing closed; and no additional electric energy t0 provide the heaL Secondly> 

4. Air from the fresh-food compartment is used to defrost ^ the coo i er liquid gives an additional cooling effect in the 
the same evaporator coil that serves the freezer compart- evaporator that exactly offsets the heating provided. This 
ment. second advantage means that no additional compressor 

energy is required to remove the heat beyond that which the 

BRIEF DESCRIPTION OF THE DRAWINGS Hquid re f rigerant provides. These effects combined involve 

In the drawings- 30 no energy penalty for heating, i.e. the energy penalty for 

FIG. 1 is a schematic view of a prior art refrigerator ™* ^^^l^i^^^y «">. 

having a freezer compartment and a fresh-food compart- u Whl1 ^ the embodiment of FIGS 2 and 3 is shown as 

ment . having four arr valves, two of such air valves could be 

' . .„ . ~ _ it* eliminated if the resulting air leakage between the freezer 

FIG. 2 is a schematic illustration of a preferred embodi- rtment and the fres h-food compartment is acceptable, 

ment of the present invention operating in a freezer com- Tfae Jogical configuration for opera tion with two such air 

partment cooling mode; valves WQuld haye Qne freezer air valve and one f res h-food 

FIG. 3 is a schematic illustration of the preferred embodi- air valve i ocate d at opposite ends of the duct or plenum 38. 

ment of FIG. 2 operating in FIG. 1 but operating in a Two such air valves are the minimum necessary for provid- 

combined defrost mode and in, simultaneously, a fresh-food ^ ade q Uate control. 

compartment cooling mode and a defrost mode for the ^ reversible fan 2 0 in FIGS. 2 and 3 is suitably a 

freezer compartment; and propeller fan with a motor that can reverse its direction of 

FIG. 4 is a schematic view of a complete refrigeration rotation. In an alternative embodiment, two fans would be 

circuit, inclusive of the evaporator shown in FIGS. 2 and 3. use d in series and arranged to blow in opposite directions 

45 with only one fan in operation at any time. This alternative 

DESCRIPTION OF THE PREFERRED embodiment has the advantage of avoiding the need for a 

EMBODIMENTS reversible fan but suffers from the disadvantage of the 

FIGS. 2 and 3 illustrate a preferred embodiment of the requirement for a second fan. One problem with this alter- 

present invention which employs a reversible fan 20 and native embodiment is that air must pass through the fan 

four flaps or air valves 22, 24, 26 and 28 which are 50 which is not operating, thus restricting air flow and creating 

controlled to allow a single evaporator 30 to alternately cool additional pressure drop. 

a fresh-food compartment 32 and a freezer compartment 34. FIG. 4 shows the overall refrigeration circuit inclusive of 

Flap valves 22-28 serve as one-way or check valves in that the evaporator 30 shown in FIGS. 2 and 3. As shown in FIG. 

they allow air flow in a single direction only. Accordingly, 4, the vaporized refrigerant exiting the evaporator 30 is 

when the fan 20 blows to the left in the drawings, air valves 55 routed, in succession, through a compressor 40, a condenser 

26 and 28 of the freezer compartment are opened by the air 42, the warm refrigerant liquid lines 38, 39, suction -to-liquid 

flow to allow for the circulation of cold air through the heat exchanger 31, cap rube 33 and then back to the 

freezer compartment, i.e. air cooled by passage over evapo- evaporator 30. A suction-to -liquid heat exchanger 31 is 

rative coil 30. With the air flow to the left in the drawing, i.e. downstream of the warm lines. A portion of the suction-to- 

the freezer cooling mode, the flaps of air valves 22 and 24 60 liquid exchanger can also be upstream of the warm hquid 

are forced closed. When the fan 20 is reversed to establish lines, as further shown in FIG. 4, so long as the surfaces in 

an air flow through the plenum 36 to the left in the drawing, the air valves remain sufficiently warm to allow free opera - 

each of the air valves reverses to establish the fresh-food tion of the air valves. A suction-to-liquid heat exchanger, 

compartment cooling mode in combination with a freezer also called a suction-line heat exchanger, is normally 

compartment defrost mode as shown in FIG. 3. Thus, in FIG. 65 included in domestic refrigerators and uses the warm con- 

3, an air flow is established by the fan 20 through the plenum denser liquid to warm the suction gas (gaseous refrigerant) 

28 and through the fresh-food compartment 32. In this going to the compressor to thereby improve cycle perfor- 
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raance and reduce undesirable heat gain to the suction gas 
from the ambient. The different control modes for operation 
of the refrigeration system depicted in FIG. 4 are shown in 
the table below. 



TABLE 



Summary of Control Modes 




Evaporator 




Fan 


Compressor 


Freezer Cooling blow left 


on 


Fresh-food cooling blow right 


on 


Defrost blow right 


off 


off off 


off 



In operation when the temperature within the fresh-food 
compartment 32 rises above a predetermined temperature, a 
signal is provided by a thermosensor or thermostat indicat- 
ing that cooling is required. Responsive to such a signal, the 
fan 20 is operated in the fresh-food compartment cooling 
mode as depicted in FIG. 3. Due to circulation of the air from 
the fresh-food compartment over the evaporator coil 30 the 
refrigerant is evaporated and exits evaporator 30 in a gas- 
eous state. After passing through the compressor 40, the 
refrigerant is at a high pressure and high temperature 
(approximately 140°-180° F. for refrigerant R12). As the 
refrigerant passes through the condenser 42 heat is removed 
by natural convection and/or forced convection if a fan is 
present. The refrigerant then exits the condenser at approxi- 
mately the same pressure as is present at the condenser inlet, 
however with the refrigerant entirely liquid and now at a 
temperature of approximately 90° F. (or approximately 10° 
F. above ambient). 

Thus, the present invention combines the energy effi- 
ciency of dual-evaporator systems with simplicity, low cost 
and a compactness which approach those of single- 
evaporator systems. An additional advantage, over the tan- 
dem system, is that defrost with the present invention should 
work equally well with the freezer located below the fresh- 
food compartment. 

The invention may be embodied in other specific forms 
without departing from the spirit or essential characteristics 
thereof. The present embodiments are therefore to be con- 
sidered in all respects as illustrative and not restrictive, the 
scope of the invention being indicated by the appended 
claims rather than by the foregoing description, and all 
changes which come within the meaning and range of 
equivalency of the claims are therefore intended to be 
embraced therein. 

What is claimed: 

1. A refrigeration appliance comprising: 
a fresh-food compartment; 
a freezer compartment; 

first and second walls separating said freezer compart- 
ment from said fresh-food compartment and defining a 
plenum therebetween, said first wall separating said 
plenum from said freezer compartment and said second 
wall separating said plenum from said fresh-food com- 
partment; 

a single evaporator located in said plenum; 

a condenser; 

a single compressor; 

a refrigerant circuit comprising a plurality of conduits for 
providing a flow of refrigerant through, in succession, 
said compressor, said evaporator, said condenser and 
back to said compressor; 
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reversible fan means, for producing air flow in a first 
direction through said plenum and over said evaporator 
and in a second direction through said plenum and over 
said evaporator; 

5 a first air valve located in said first wall, at one end of said 
plenum, said first air valve opening responsive to air 
flow in said first flow direction to establish a circulating 
air flow through said freezer compartment and closing 
responsive to air flow in said second flow direction; 

10 a second air valve located in said second wall at an end of 
said plenum opposite said one end, with said reversible 
fan means being located between said first and second 
air valves, said second air valve opening responsive to 
air flow in said second flow direction to establish a 
circulating air flow through said fresh-food compart- 
ment and closing responsive to air flow in said first flow 
direction; and 

control means for reversing the direction of air flow 
between said first and second directions. 
2Q 2. A refrigeration appliance according to claim 1 further 
comprising: 

a third air valve located in said first wall at said opposite 
end of said plenum with said reversible fan means 
being located between said first and third air valves, 
25 said third air valve opening responsive to air flow in 
said first flow direction and closing responsive to air 
flow in said second flow direction; and 

a fourth air valve located in said second wall at said one 
end, with said reversible fan means located between 
3Q said second and fourth air valves, said fourth air valve 
opening responsive to air flow in said second flow 
direction and closing responsive to air flow in said first 
flow direction. 

3. A refrigeration appliance according to claim 1 wherein 
35 said first and second air valves are one-way flap valves. 

4. A refrigeration appliance according to claim 2 wherein 
said first and second air valves are one-way flap valves. 

5. A refrigeration appliance according to claim 1 wherein 
said reversible fan means consists of a single fan and a 

40 reversible motor for reversibly driving said single fan. 

6. A refrigeration appliance according to claim 2 wherein 
said reversible fan means consists of a single fan and a 
reversible motor for reversibly driving said single fan. 

7. A refrigeration appliance according to claim 3 wherein 
45 said reversible fan means consists of a single fan and a 

reversible motor for reversibly driving said single fan. 

8. A refrigeration appliance according to claim 4 wherein 
said reversible fan means consists of a single fan and a 
reversible motor for reversibly driving said single fan. 

50 9. A refrigeration method comprising: 

providing a refrigerator comprising a fresh-food compart- 
ment and a freezer compartment, with first and second 
walls separating the freezer compartment from the 
fresh-food compartment and defining a plenum 

55 therebetween, the first wall separating the plenum from 
said freezer compartment and said second wall sepa- 
rating said plenum from said fresh-food compartment; 
a first air valve located in said first wall at one end of 
said plenum and opening responsive to air flow in a first 

60 flow direction; a second air valve located in said second 
wall at an end of said plenum opposite the one end, with 
the fan being located between said first and second air 
valves; a single evaporator located in said plenum; a 
condenser; and a single compressor; 

65 circulating a flow of refrigerant through, in succession, 
said compressor, said evaporator, said condenser and 
back to said compressor; 
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alternately producing an air flow in a first direction 
through said plenum and over said evaporator and 
through the first air valve to circulate the air flow 
through the freezer compartment and producing an air 
flow in a second direction through said plenum and 
over said evaporator, to open the second air valve, to 
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close the first air valve and to thereby circulate the air 
flow through the fresh-food compartment; and 
selectively turning off the compressor with air flow in said 
first flow direction to defrost the freezer compartment. 



